radiation dose for astronauts as well as an increased risk to satellite hardware. These shocks are known to occasionally accelerate protons to energies greater than 100 MeV and can result in very high fluxes. Advanced warning of the arrival of strong interplanetary shocks can enable steps to be taken to minimize the potential risks. In an effort to monitor and assess the radiation risk to astronauts, two real-time count rate monitors were implemented in the Solar Isotope Spectrometer (SIS) on the ACE spacecraft. These rates measure protons with energies >10 and >30 MeV. Since ACE is located at the L1 Lagrangian point, these rates provide information and warning up to 1 hour before an interplanetary shock reaches Earth. Using ACE and GOES, data we have examined examples of shocks and associated energetic particles that have been detected at ACE and were later observed near Earth in an effort to develop more fully the forecasting capability of ACE. Because of the limited amount of solar activity during 1997-1999, this current work is primarily a proof of concept.
Introduction

Recently, the Committee on Solar and Space Physics (CSSP) and the Committee on Solar-Terrestrial Relations (CSTR) examined the risk of increased radiation hazards to astronauts working on the International Space Station ([SS).
The results of the study were published in the report "Radiation and the International Space Station:
Recommendations to Reduce Risk" and indicated that there is a significant probability that several construction flights of the ISS could be impacted by penetrating particle radiation events. Of primary concern to the astronauts are events with significant fluxes of >10 MeV/nucleon particles. During these events, astronauts could experience a significantly increased radiation dose (especially if they are perforlning extravehicular activity), possibly affecting their future health and flight schedules. Additionally, increased exposure could require more frequent rotation of the crews, thereby impacting space station schedules and costs. The radiation hazard can be especially high when a suppression of the geomagnetic cutoff is coincident with high fluxes of energetic particles [Leske et magnetosphere [Shea et al., 1999] . The same shocks which compress the magnetosphere in these geomagnetic storms may accelerate substantial numbers of protons (and heavier ions) to energies greater than 100 MeV. Such local acceleration (as well as turbulence near the shock, which can confine the particles to the shock region) can result in intensities at the shock which temporarily dominate an ongoing solar energetic particle (SEP) event, as was the case during the October 19, 1989, SEP event. During the decline of this event, the passage of the associated shock resulted in a greater than fivefold increase in >100 MeV protons as measured by the GOES 7 spacecraft (Figure 1 ). Since the time profile of particle intensities in a typical SEP event decays relatively smoothly (especially at E > 100 MeV), such an increase during the decay phase is unexpected and therefore would not be predicted without information about the arriving shock. Forehand knowledge of such a situation would allow astronauts to move to more protected areas of the ISS or to reschedule planned extravehicular activities. profiles relative to each other until distinguishing features were best matched by eye. These time delays are given in Table I along w•th uncertainties which reflect the variation of the determined time delays fi'om the different features of the rate profiles. Using the proton velocity components and densities from the SWEPAM data and the magnetic field components from the MAG data, the shock speed and normal were calculated using the equations given by Abraham-Shrauner and Yun [1976] . The normal plane is defined as the plane that contains the magnetic field vectors (ahead of and behind the shock) and the vector difference of the flow velocities on both sides of the shock. Equations involving five different combinations of these vectors can be used to define this plane, and a consistency check between the different expressions provides an indication of the reliability of the normal vector determination. The shock speed is then calculated using the reduced Rankine-Hugoniot conservation equations (which combine Maxwell's equations with the assumption of mass flux and momentum flux conservation). The time required for the shock to traverse the distance between L1 and Earth at the calculated radial speed is given in Table 1 
Summary
With the construction of the International Space Station (ISS), the radiation environment to which astronauts are exposed is of particular concern. The assembly of the ISS will require numerous extravehicular activities during which astronauts are more susceptible to the increased radiation possible fi'om high intensities of solar energetic particles. The ability to provide advanced warning of such conditions can greatly help to mitigate this risk.
In examining time periods in which shock-related particle increases were observed initially by SIS on ACE and subsequently by GOES, we have shown that warnings of 30-60 min are possible. Since the vast majority of shocks passing ACE are not strong enough to accelerate energetic particles to >10 MeV and cause a significant increase in their intensities, it is not sufficient to merely identify the occurrence of a shock at ACE. Measurements of energetic particles in real time are also required. SIS provides two realtime count-rate monitors which respond to protons at energies of >10 and >30 MeV.
These data are available via the Internet at http'//sec.noaa.gov/ace/SIS_3d.html and http ://www. srl. c altech. edu/AC E/A SC.
The work presented here is primarily a "proof of concept." Additional examples are needed to evaluate the usefulness and accuracy of this technique. It is also important to determine how many shock-accelerated increases are observed by SIS but not by GOES' how many increases are measured by GOES and not identified with the proposed technique; as well as how many incidents are forecast correctly. 
